Figures Abstract
In the early 1880's the discovery of rich ores in the Minnie Moore and Bullion mineralized areas sparked a rush to settle and develop the Wood River valley. Silver and lead discoveries in these areas spurred the boom in mining after completion of the Oregon Short Line Railroad to Hailey in 1883.
In both areas the ore comprises galena, sphalerite, and tetrahedrite in a gangue of siderite, calcite, or quartz. Minor goldbearing quartz veins are also present. The ore is in fissure and replacement veins along fracture systems that formed in Late Cretaceous time, after intrusion of nearby granodiorite or quartz diorite stocks. The ore formed under mesothermal conditions and heat was supplied by the nearby plutons. In the Minnie Moore area, the mineralized veins are cut by low-angle normal faults that are of probable Eocene age.
In the Minnie Moore mineralized area, the host rock is the middle part of the Devonian Milligen Formation, (the informal Lucky Coin limestone and Triumph argillite), which is the same stratigraphic level as the host ore in the rich Triumph mine northeast of Hailey.
In the Bullion mineralized area, the ore is hosted by the lower member of the Middle Pennsylvanian to Lower Permian Dollarhide Formation. Rich ore was mined in several tunnels that reached the Mayflower vein, a northwest-striking mineralized shear zone.
The deposits are thought to be mainly mesothermal veins that formed in association with Cretaceous magmatism. The syngenetic stratiform model of ore formation has often been applied to these deposits, however, no evidence of syngenetic mineralization was found in this study. Faulting has displaced most of the major orebodies and thus has made mining these deposits a challenge.
Introduction
Much of the early settlement of the Wood River valley in the 1880's stemmed from discoveries of silver-lead-zinc veins hosted by black argillite and limestone. The two most productive areas for the early miners were in the vicinity of the Minnie Moore mine ( fig. 1 , site 77) directly west of Bellevue and in the vicinity of the Bullion mine ( fig. 1 , site 14b) about 10 km (6.2 mi) west of Hailey up Bullion Gulch and Red Elephant Gulch (Elk Creek). The Minnie Moore and Bullion mines were commonly discussed in the early literature (Lindgren, 1900) and the "Wood River type" of lead-silver-siderite ore was extensively described in older economic geology textbooks (Lindgren, 1933) . Detailed investigations of these areas were published by Umpleby and others (1930) when the mines were open and underground workings were accessible. Anderson and others (1950) presented the last detailed survey of the areas. After studying the trace element, sulfur isotope, and fluid inclusion data, Hall and Czamanske (1972) and Hall and others (1978) suggest that lead-silver deposits are mesothermal and formed by hydrothermal systems of meteoric water in faulted Paleozoic rocks near cooling plutons. Hall (1985) , in a geologic overview of the central Idaho black-shale mineral belt, assigned the host rocks in both areas to the Middle Pennsylvanian and to the Lower Permian Dollarhide Formation. Wavra and Hall (1989) further restricted this assignment to the upper member of the Dollarhide Formation. Our geologic mapping does not support these assignments; instead we place the Minnie Moore orebodies in the middle part of the Devonian Milligen Formation and the Bullion orebodies in the lower member of the Dollarhide Formation. This paper briefly discusses the Minnie Moore ( fig. 2 ) and Bullion ( fig. 3 ) mineralized areas (see Worl and Johnson, 1995, page A2 for description of mineralized areas) in light of modern understanding of stratigraphic relationships. Previously unpublished geologic mapping conducted at 1:24,000 scale for both areas is presented and the important characteristics of the mineral deposits are reviewed, mainly by updating information contained in previous reports.
Historical Perspective Past Production
Ore was first discovered in the Wood River valley in 1880 at the site of the Minnie Moore mine (Hewett, 1930, p. 221) . The 1880's were boom years. Construction of a large smelter in Ketchum in 1881 and completion of the Oregon Short Line to Hailey in 1883 and Ketchum in 1884 facilitated production. 
EXPLANATION
The Minnie Moore mineralized area ( fig. 2 ) has the largest historical production of silver, lead, and zinc in central Idaho. The major producers were the Minnie Moore ( fig. 2 , site 77), Silver Star Queens (site 78), and Snoose mines (site 71). The most significant period of production was from 1880 to about 1905, by which time all known deposits had been discovered and mined.
The Minnie Moore mine was developed in several stages. Underground workings were developed prior to 1884, but there Active between 1880 and 1902 with production of lead, silver, and gold worth $815,802. Active 1906 Active -1925 Active , 1941 Active -1950 Active , 1973 ; several thousand tons of ore yielded silver, lead, zinc, copper, and gold. Property developed on 11 levels; most production was from the number 9 level, 706 ft below the surface 1907-1917, 1925, 1933-1935, and 1948-1951 Production was prior to 1900 , 1922 -1923 , 1930 , 1941 -1953 . Production 1944 Worked intermittently prior to 1900, 1911-1940, and 1959-1961 . Production (mill) value of $60,000 of leadsilver ore reported for the early days (prior to 1900); later production of a few hundred tons of ore yielded significant silver, lead, zinc, and some gold and copper. Four tunnels and an inclined shaft was only minor production. From 1884 to 1889, extensive operation yielded much of the mine's total production, and the mine was developed to the 900-foot level, at which point operations ceased because the ore was cut off at the flat Rockwell fault ( fig.  2 ). Hewett (1930) gave an apparent profit for the period 1886 -1889 of more than $625,000. The mine was reopened in 1900, and shortly after the continuation of the orebody was discovered below the Rockwell fault. This discovery spurred a major period of production from 1902 to 1906; however the orebody was found to be cut again at the 1000-foot level against the Minnie fault ( fig. 2, 1913-1914, 1923, 1926, and 1952-970 . Total production to 1950 estimated at $2,500,000. Recorded post-1902 production of several hundred thousand tons of ore yielded significant silver, lead, zinc, and copper, and some gold and antimony (site 14c), Bullion site (site 14b), Jay Gould (site 14d), and Ophir (site 14a) mines in Bullion Gulch 
Exploration Activity
The region experienced several surges of exploration for base-and precious-metals that coincided mainly with periods of production of the major mines. The U.S. Government Defense Minerals Exploration Administration (DMEA) exploration program supported work in the Silver Star Queens mine during the 1950's.
The most recent systematic exploration activity in these areas took place during the early 1980's when the central Idaho black-shale mineral belt (Hall, 1985) was evaluated by several major mining companies for bedded syngenetic massive sulfide deposits. The Minnie Moore and Bullion mineralized areas were major targets because of host-rock lithology and the massive tubular nature of some of the orebodies. Exxon Minerals drilled several exploration holes in the Bullion area, and Getty Minerals supported new exploration and drilling in the Triumph area (Turner and Otto, 1995) . In 1994, however, there is little exploration activity in either the Minnie Moore or Bullion areas. The two areas are close to the rapidly growing Wood River valley and any further mineral exploration will have to consider societal impacts of mining on this developing area.
Geologic Setting Terrane Description
The Minnie Moore and Bullion mineralized areas are in carbonaceous argillite, limestone, and fine-grained sandstone of the Devonian Milligen Formation and the Middle Pennsylvanian to Lower Permian Dollarhide Formation, and are in the central Idaho black-shale mineral belt (Hall, 1985) . The Paleozoic rocks are intruded by Late Cretaceous granitoids: the Croesus stock (quartz diorite) immediately west of the Minnie Moore area and the Deer Creek stock (granodiorite) immediately east of the Bullion area.
Host Rocks

Milligen Formation
The Minnie Moore mineralized area ( fig. 2 ) is underlain mainly by the Devonian Milligen Formation. In the northeastern part of the area the Milligen lies unconformably beneath the Middle Pennsylvanian Hailey Member of the Wood River Formation. On the west side of the Minnie Moore area, the Milligen is interpreted to lie unconformably beneath the Middle Pennsylvanian to Lower Permian lower member of the Dollarhide Formation, although a basal conglomerate is not present and exposures are poor.
In the Triumph area, 16 km (10 mi) to the northeast, the Milligen Formation contains mappable informal members Otto, 1988, 1995; Link and others, 1995) . There, the Milligen Formation is at maximum 647 m (2,000 ft) thick and consists of a lower member of black argillite, purple siltite, and bedded chert ( There has been disagreement, especially in the wave of exploration of the last fifteen years, about the formation assignment of the rocks in Minnie Moore and Bullion areas (compare our maps with those of Hall, 1985, and Hall, 1989) . Late in his life, W.E. Hall changed his assignment of the host rock in both areas from Milligen to Dollarhide Formation. C.S. Wavra carried this line of reasoning farther and assigned the host rocks in both areas to the upper member, Dollarhide Formation. The root of this stratigraphic confusion is that carbonaceous black shale or siltstone of the Triumph argillite (Milligen Formation) resembles similar fine-grained strata in both the upper and lower members of the Dollarhide Formation. Also, darkgray limestone of the Lucky Coin limestone resembles similar limestones of the lower member of the Dollarhide Formation. Recognition in the Minnie Moore area of the stratigraphic units present in the Triumph area, and especially the coarse-grained sand grains of the Cait quartzite in the immediate area of the Minnie Moore mine supports, however, our interpretation that the strata belong to the Milligen Formation, as designated by Hewett (1930) and . Anderson (1950, p. 15) . We interpret the Penobscot unit to correlate with the Lucky Coin limestone and the surrounding argillites to belong to the Triumph argillite and the lower argillite member. Quartzite is reported, though it is described as fine grained. Neither Hewett (1930) nor reported the coarse-grained sandstone beds that we correlate with the Cait quartzite. [Mines are prospects are plotted by site numbers on figure 1. First synonym is map number from Hustedde and others (1981) Pb, Ag, Zn, Au, Cu Ore consisting of galena, sphalerite, and tetrahedrite in a gangue of siderite, calcite, quartz, and pyrite is present as fissure filling and replacement along a major northwesttrending fault system. Host rock is dark calcareous argillite. The ore-bearing part of the fissure has roughly the form of a blunt wedge pointing downward. The vein is cut by a major fault with a 3-6-foot-wide zone of gouge that strikes N. 30° W. and dips 60° SW. Five distinct orebodies were worked, mostly on level 2. Much of the outcrop of the vein is a siliceous gossan as wide as 10 ft. [Mines are prospects are plotted by site numbers on figure 1. First synonym is map number from Hustedde and others (1981) 
Dollarhide Formation
Regionally the Dollarhide Formation is as thick as 2,000 m (6,560 ft) (Wavra and others, 1986 ) and contains three informal members (Mahoney and others, 1991; Link and others, 1995) . The strata present at the west end of Minnie Moore Gulch are thought to belong to the lower member of the Dollarhide Formation (more than 800 m [2,640 ft] thick) because they contain thick black limestone beds and gray sandstone beds that are nowhere coarser than fine grained, an attribute that distinguishes sandstones of the Dollarhide Formation from the coarse-grained sands of the Cait quartzite in the Milligen Formation. Further, as stated by Wavra and Hall (1989) , limestones are uncommon in the upper member of the Dollarhide Formation; thus that assignment is doubtful for the ore hosts in Minnie Moore Gulch.
Structure and Metamorphism
Minnie Moore Area
In the Minnie Moore area, the Late Cretaceous Croesus quartz diorite stock to the west has produced contact metamorphism in limestones of the Milligen Formation. Minerals include diopside, tremolite, biotite, tourmaline, wollastonite, garnet, and scapolite(?) (Hewett, 1930) .
The Minnie Moore area contains tight and locally eastward overturned map-scale folds (Lindgren, 1900) , as well as local areas of mesoscopic folds. In several places in the Wood River area, including Colorado Gulch in the Minnie Moore area, the Milligen Formation contains two generations of folds, an earlier set of small-scale folds probably formed during the Devonian and Mississippian Antler Orogeny and a later large-scale set probably formed during the Cretaceous Sevier Orogeny Otto, 1988, 1995; Burton and Link, 1995) . Wavra and Hall (1989) used the presence of a cleavage or foliation as a means to distinguish Milligen Formation. We found, however, that structural fabric in the Milligen is heterogeneous and that the formation does not contain the same structural elements everywhere.
The mineralized Milligen Formation in Minnie Moore Gulch is at the crest of a regional anticline with Wood River Formation on the east and Dollarhide Formation on the west. In Minnie Moore Gulch, bedding in the Milligen Formation generally strikes northwest and dips steeply. This section is shown as west-facing and in stratigraphic order on the upright limb of an eastward overturned anticline on figures 2 and 4 (section A-A '). Detailed mapping would probably reveal local structural complexities in the overturned anticline. The argillites on the east end of Minnie Moore Gulch are tentatively mapped as the lower argillite member of the Milligen Formation.
Colorado Gulch
Several critical geologic relations were identified in Colorado Gulch that were key to the interpretation of the structure in the Minnie Moore area (fig. 2, section B-B '; fig. 5 ). The identification of the host rocks at the Snoose mine as Milligen or Dollarhide Formations, has been contentious. Hall (1985) and Wavra and Hall (1989) labeled these rocks as Dollarhide Formation, in contrast to earlier reports. We, however mapped the sheared Milligen-lower Dollarhide contact west of the Snoose mine ( fig. 2) . The ore-bearing vein in the Snoose mine is hosted by folded black argillite and limestone of the Lucky Coin limestone, Devonian Milligen Formation.
Our mapping shows several eastward overturned folds in the Milligen Formation and unconformably overlying Eagle Creek member of the Wood River Formation ( fig. 2) in Colorado Gulch. Sheared pods of Hailey Member of the Wood River Formation are exposed along this unconformity. This contact was mapped as the "Wood River thrust fault" by Hall (1985) , however it is now thought to be a locally sheared unconformity (Burton and others, 1989; Rodgers and others, 1995) .
Rocks assigned to the lower member of the Dollarhide Formation are present on the west (upper) ends of Colorado and Star Gulches in a northward-widening band east of the Croesus stock. This is one of the few places where the Dollarhide and Milligen Formations are in contact. The exposed contact is sharp and linear, and beds are parallel across it. These features suggest that the contact is a sheared unconformity, comparable to the sheared unconformity between the Milligen and Wood River Formations; on the west limb of the anticline, the contact is exposed east of the Snoose vein ( fig. 2, section B-B ';fig. 5 ). A low-angle, shallow dipping, top-to-the-west normal fault cuts the upper parts of the Colorado Gulch. Between Colorado and Star Gulches, this fault cuts the Snoose vein in its footwall. The fault also cuts the ridge to the north of Colorado Gulch, but no members of the Milligen Formation were not mapped in this area.
Bullion Area
The Bullion mineralized area ( fig. 3) is underlain by the lower and middle members of the Pennsylvanian and Permian Dollarhide Formation, which are folded into upright and westoverturned map scale folds ( fig. 3, section D-D ' ). This is one of the few places in the Wood River area where folds verge westward.
The lower member of the Dollarhide Formation hosts most of the mineralized rock (Skipp and others, 1994) . , following Umpleby and others (1930) , labeled these rocks as Wood River Formation, though he notes, "it is possible that Milligen formation is also present" (p. 64). An unpublished map (circa 1970) of W.E. Hall labels the dark-colored rocks in the Bullion area as Milligen Formation. Hall (1985) showed the rocks as Dollarhide Formation, and Wavra and Hall (1989) showed them as upper member, Dollarhide Formation.
The lower member of the Dollarhide Formation in the Bullion area contains fine-to medium-grained sandstone, black siltite and black limestone or marble. A distinctive lithology in the lower member is channelized disorganized conglomerate that contains mainly intrabasinal soft-sediment clasts of siltstone and sandstone. The lower member occupies both sides of Bullion Gulch and the central part of Red Elephant Gulch. The rocks Potassium-rich dacite, latite, and trachyte lavas-Includes a variety of lavas and flow breccias. Potassium-rich dacite dominates this unit and is strongly porphyritic containing as much as 30 percent phenocrysts of plagioclase and hornblende and lesser amounts of biotite and pyroxene; quartz and sanidine are rare. Proportion and amount of all phenocryst types vary greatly
Volcaniclastic sedimentary rock-Includes sandstone and mudstone; locally contains woody fragments and other organic debris, and cobble to boulder conglomerate containing clasts of granodiorite (Skipp and others, 1994) Cretaceous intrusive rocks associated with the Idaho Batholith Potassium-rich hornblende-biotite grandiorite-Gray, medium-to coarse-grained, equigranular to porphyritic horneblende-biotite granodiorite and granite containing conspicuous books of biotite. Includes the informal Hailey granodiorite of Schmidt (1962) and Deer Creek Stock east of Bullion Gulch are mapped as being stratigraphically high in lower member Dollarhide Formation, because the middle member quartzite is not present. They are intruded on the east by the Deer Creek stock. In the Bullion area the middle member of the Dollarhide Formation (regionally about 300 m [984 ft] thick) contains silicified sandstone that crops out as light-gray to brown quartzite that forms the high ridge between Red Elephant and Bullion Gulches. These rocks were shown as Wood River Formation on the map of Hall (1985) . The mineralized veins of the Bullion area do not extend southward into the middle member Dollarhide Formation. The middle member, much less silicified, is also present in westdipping beds on the ridge of Kelly Mountains.
Black shale or siltite on the west side of the Bullion area, west of the Kelly Mountain ridge ( fig. 3) , is tentatively identified as the upper member of the Dollarhide Formation.
Host Structures for Mineralization
Known ore deposits in the Minnie Moore and Bullion mineralized areas are localized along fault systems that formed during and after Late Cretaceous intrusion of plutons related to the Idaho batholith. These structural hosts include both high-to moderate-angle normal faults and low-to moderate-angle reverse faults. Veins along both types of faults are characterized by changes in strike and both flattening and steepening of dip. There is evidence for contemporaneous and post-mineralization movement along many structures; however, maps of the area (Umpleby and others, 1930; Anderson and others, 1950; Hall, 1985 ; this paper) demonstrate that most of these mineralized fault systems or shear zones do not have mappable stratigraphic offset. Anderson (1950, p.11) accounted for this lack of offset by hypothesizing that faults along which there was significant movement are not mineralized either because "they contained so much gouge that the ore solutions could not enter or circulate along them, or because they are post-mineral."
Minnie Moore Area
Mineralized veins in the Minnie Moore ( fig. 1 , site 77) and Silver Star Queens (site 78, section A-A ') mines strike northwest, subparallel with bedding ( fig. 2, section A-A '; fig. 4 ). The Minnie Moore vein was the richest of these veins and varied in dip from 25° to 35° SW., though in places it was almost horizontal . The vein was never more that 200 ft (61 m) below the intrusive contact of the Croesus stock. In Colorado and Star Gulches, ore is hosted by high-angle fracture systems (Snoose vein, fig. 1, section B-B '; fig. 5 ) that trend northwest and dip mostly southwest.
Bullion Area
Host structures for mineralized veins in the Bullion area are a system of almost parallel northwest-striking fractures of the Mayflower and Eureka fault systems, none of which have mappable separation at 1:24,000 scale ( fig. 3) . The Mayflower system strikes about N. 50° E. and dips 70°-85° to the southeast on the surface; underground the dip is as shallow as 30° (Anderson and others, 1950, p. 66) . Although there are suggestions of reverse movement along many of the mineralized structures, the last movement as recorded by slickensides is either normal or horizontal. In the Bullion area some mineralized fractures or veins (including the Eureka vein, fig. 3, section D -D '; fig. 6 ) extend into the Deer Creek stock, but are not extensively mineralized in the granodiorite host rock.
Post-Mineralization Faults
Veins in the Minnie Moore mineralized area and quartz diorite of the Croesus stock are cut by several "post-mineral faults" (Hewett, 1930, p. 234-237) . The Rockwell flat fault in the Minnie Moore mine has top-to-the-northeast offset of about 60 m (200 ft) ( fig. 2, section A-A '; fig. 4 A major low-angle top-to-the-northwest normal fault terminates the mineralized veins north of Star Gulch ( fig. 1 , section C-C ′ ; fig. 7) ).
Mineral Deposits Classification
Most ore deposits in the Minnie Moore and Bullion areas are in typical "Wood River-type" galena, sphalerite, tetrahedrite veins that have a siderite gangue (Lindgren, 1933; Hall and others, 1978) . They are classified as polymetallic vein and replacement deposits by Worl and Johnson (1995) and consist of polymetallic fissure filling and replacement veins hosted by rocks of the Milligen and Dollarhide Formations (black shale terrane of Worl and Johnson, 1995) . Replacement of sheared and broken host rock was the main mechanism for ore formation (Umpleby and others, 1930, p. 91) . The replacement orebodies are generally aligned along fault zones. The orebodies are sharply defined lenses or shoots of varying size and distribution; the fracture systems otherwise show little evidence of mineralization or hydrothermal alteration. Gold-bearing polymetallic quartz vein and lode deposits (Worl and Johnson, 1995) characterized by quartz, pyrite, chalcopyrite and arsenopyrite are also present in the Minnie Moore area. These are most common in the intrusive rocks of the Idaho batholith (Croesus stock and the informal Hailey granodiorite of Schmidt, 1962) just to the west of the Minnie Moore area ( fig.  1 ) (Worl and Lewis, in press ). Where both types are present, commonly in the same structure, the polymetallic (siderite-leadsilver) veins are younger than the gold-bearing quart veins and lodes (Anderson and others, 1950, p.10) . 
Mineral Deposits
Mineralogy
The ore in both the Minnie Moore and Bullion areas is characterized by uniform mineralogy and texture throughout the individual bodies and throughout the two mineralized areas. Generally the deposits contain galena, sphalerite, and tetrahedrite as the principal ore minerals and siderite as the principal gangue mineral. Other minerals commonly present include chalcopyrite, pyrite, arsenopyrite, quartz, and calcite. In the Minnie Moore area siderite is "clearly closely associated with the ore mineralization" (Anderson and others, 1950, p. 71) . Crushed wallrock is commonly a major portion of the gangue.
The ore at the Minnie Moore mine ( fig. 1 , site 77) consists of galena, pyrite, sphalerite, gray copper, chalcopyrite, and arsenopyrite in a gangue of siderite, quartz, calcite, and crushed country rock . The ore at the Silver Star Queens mine (site 78) consists of sphalerite, galena, tetrahedrite, pyrite and marcasite in a gangue of quartz, siderite, and calcite.
Isotopic, Age, and Fluid Inclusion Data
Ore in the Minnie Moore and Bullion areas is mesothermal and is associated with the Late Cretaceous Croesus and Deer Creek stocks. The ore occupies northwest-striking faults and fracture systems, a few of which cut the nearby intrusive rocks. Maximum ages for the veins are given by the adjacent stocks. The Deer Creek stock has been dated at 90.4±0.2 Ma and 94.4±0.3 Ma on biotite and hornblende, respectively, using the 40Ar-39Ar method (L.W. Snee, written commun., 1991). The Croesus stock is older than the intruding 84-Ma Hailey granodiorite (Worl and Lewis, in press) .
Fluid inclusion from ore in several mines have homogenization temperatures of 244°-307°C, and freezing-stage measurements suggest salinities of 3.2-4.8 weight percent NaCl (Hall and others, 1978) .
Sulfur isotope studies from sulfide minerals suggest a shallow crustal source (Hall and others, 1978; Howe and Hall, 1985) . Lead isotope ratios of galena from the polymetallic veins suggest an ultimate lead source from buried Precambrian crust (Sanford and Wooden, 1995) , either directly from batholithdriven hydrothermal convection cells or from remobilization of lead concentrated in syngenetic deposits in the Dollarhide and Milligen Formations and which originally came from a Precambrian source.
Description of Orebodies
The Minnie Moore orebody is a gently inclined blanket like body 365 m (1200 ft) long and as wide as 5.5 m (18 ft). Before mining, the orebody was made up of irregular lenses of sulfides that were followed by individual stopes within the mine. The ore bodies consisted of three zones, mainly siderite on the west and calcite on the east and an intermediate zone between. The minable ore was confined to the middle and eastern zones.
The ore zone at the Silver Star Queens mine occupied veins striking northwest and dipping southwest. The principal ore shoot had a stope length of almost 152 m (500 ft) and was made up of sulfide lenses as thick as 2 m (6 ft) .
The vein in the Snoose mine ( fig. 1 , site 71) strikes northwest and dips 50° NE. (Anderson, 1950, p. 23) . The ore contains sphalerite and galena with abundant pyrite.
Orebodies in the Bullion area (Mayflower and Red Elephant mine areas, fig. 1 , sites 14 and 13) are gouge-filled fractures along the Mayflower fault zone.
Alteration
Generally, ore minerals in both the Minnie Moore and Bullion area are hosted by fresh black argillite and limestone. There is no pervasive alteration pattern or guide to location of ore minerals. The rock along the mineralized fissures shows some bleaching with formation of sericite, carbonate, and pyrite. Supergene enrichment was not important in the Wood River area (Umpleby and others, 1930, p. 110) , and the maximum depth of oxidation was about 15m (50 ft). At the surface some veins are oxidized to iron and manganese oxides and intermixed lead and zinc carbonates and sulfates.
Genesis and Ore Controls
The orebodies of the Minnie Moore and Bullion areas formed during faulting that occurred shortly after Late Cretaceous magmatic activity (Hall and others, 1978) . This is demonstrated by the fact that the orebodies occupy post-intrusive rocks.
The Minnie Moore orebodies are in the middle part of the Milligen Formation. They are hosted by the Lucky Coin limestone and the Triumph argillite. The orebodies are in close proximity to tongues of sand in the Cait quartzite, which is the same stratigraphic position as the ore in the Triumph area. The metals may have been remobilized from primary stratiform syngenetic deposits, as suggested regionally by Hall (1985) , Howe and Hall (1985) and for the Triumph area by Turner and Otto (1995) .
The source of the ore metals in the Bullion area is uncertain. Wavra and Hall (1989) suggested that syngenetic stratiform mineralized rock is in the upper member of the Dollarhide Formation and that the Mayflower vein could be remobilized from it. We map these rocks, however, as lower member, Dollarhide Formation, but do not discount syngenetic stratiform mineralization. Another option is that the ore is remobilized from Milligen Formation that unconformably underlies the Dollarhide Formation at shallow depths in the Bullion area.
The polymetallic veins represent one end member of a family of veins and replacement deposits that formed during the late stages of formation of the Idaho batholith. The other end member is represented by gold-quartz veins (polymetallic quartz veins and lodes) (Worl and Johnson, 1995) . The polymetallic quartz veins and lodes are hosted mainly by plutonic rocks; examples are the Croesus mine and in the Hailey Gold Belt (Worl and Lewis, in press ).
Exploration Guides
Although stratigraphic location of the host rock is different in the Minnie Moore and Bullion areas, the ore deposits are of similar types and are hosted by similar dark-gray to black argillite and limestone. Syngenetic stratiform exploration models predict that stratabound silver-lead-zinc deposits are present in both the Minnie Moore and Bullion areas (see Hall, 1985; Wavra and others, 1986; Wavra and Hall, 1989) ; however the mined structures are fault-zone hosted veins, and no syngenetic model has not been extensively tested in exploration efforts in the area. Post-mineralization faulting is a major concern.
Discovery of new vein deposits similar to those already mined, that is, veins along northwest-striking faults, is unlikely because the faults have been extensively prospected. However, because the veins are cut by low-angle faults, they may be relocated across these faults, as suggested by for the Minnie Moore area.
